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PROTEINS ^^^^^.^HEREOF 



to the identificatton of proteins w 

The pcriphc^lne^ous system Pt^S »»P ^^^^^^^^„„,3. ,„«^^^^^ 

i.„ the brain and spinal':'"*^"™ . ., it while the return of 

f,he,so,nervesex.emaltothebra.n .tempts «> repa.n.selt. «e 

,„ „e.e damage, the peHphetal nervous sys^^n ^^^^^ ^ 

,„,<^ctionsisusuai,yincompie.e.ge„era.,yJ«^^^^ 

B,contras.,dam.e.o.eee^n^ ^^^^^^ 
spinaieord.is generally more ser,ous,us„ay 

death. .. ^k^owntoaffectbothgrowthandspontaneous 

A number of eondtttons are known ^^.^^^ to 

„,.ra.ioninnerves,bu..beunderlyin.mee^-^^^^^^^^^ 

— ^t;:;::— ^^^^^^^^ 

" ::rr:rageandgene.h---- 
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^ea«r recover in s^ondar, <esion. fo, ^.j^es » neurons o( 

T,e. ^ no previous '=P"-;f- ^ Engl. L Med., 

cental nervous sys.en,. U,^ and sprna, cord isee, 

,...enrunders..n.....e.o».^^^ 

injuries, several a«en,p.havebeenmade.oel^« 3.Si*ene,<...Res.ora«ve 
,.^^.reoover,™sM.Myv»a.U — 

Neurology andNev^oseience, 1990, 1.303 309 « science, vol. 2, 1993). 

BasesofNerveRegeneraUon,MnS.Malho»(e«,A*^^^^^^^ 

patient's o^vn sensory nerves, typically tai. 
per.a„enrar»lgeslaofU,edonorfoot.e*e.^^^^^^^^ 

Because an injured spnal co d has ver^ ^^^^^ ^^^^ ^ ^^^^^ ^ 

^ because .he conse,uences of spinal cord ,n,unes - 

,„.effec«ve— rotspu^lcordu,™^^^ 

S.a.esaloneoccu,atU>erateofabou.lO.OOOpery ^^^^ a,abled as a result of 

,0V.,approxin,a«lv7.0Arnericanspe.n.ill.o„pop.^^^^^^^^ 

.p,alc„rdiniurie..Mos.ofU.einiuredareyoj»P^^^^^^^^^ 

Po,lowinginjury.oneuronalcellsu>*eo.^^^^^^^^^^^^^^^^^^^ 

--a«enrp..i.^neur..^o^^e-— ^^^^^^^ 

order .0 rees«blish inter-neural conra .s. I ^^^^ ^ ^^^^^^^^ 

^aregenera.i„nac«vi,iesareoftennrodes,a.,doMyj^^^y^^^^^^^ 

injury. 
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T^e present invention addresses this need. Applicants have st^risingly 
discoveredthataneuron.speeif.a,,nadi,,oprotei„--Ne„ra,P.a.ophi,inRe.atedA^^^^^^ 

(NPRAP) - causes the deveiopntent of n— long, cellular extenstons. w tch are 
:::ra.onalsp,.ut.sohserveddurinsneur„na,regenerationands,napse^^^^^^^^ 

one aspect of the invenUon isdirected to amethod of sttmulattng growth of n«ve 
.,is«hichn,ethodcon,prisescontacti„gthenervecel.switha„hNPRAPhavingnerveg.«th 

with an hNPRAP stimulating agent in an amount 
the method comprises contactmg nerve cells with an hNi-KA 

or, ViXTPR AP and cause nerve cell grovyrtn. 
.sufficient to induce the expression of an hNPKAi- ana cdu 

Ate.herrela.edaspectoftheinven.ionisdirec.edtoa,nethodofst.n,u.au,« 

neuronalregenerationina™— ,wMchn,ethodcon,pHsesadn.i..ster.^^^^^ 

. «f on hNPRAP or an effective amount of an hNFKAr 
need thereof an effective amount of an hNPKAf or an e 

expression stimulating agent as set forth above. 

A flmher aspect of the invention is related to a pham«eu.,cal composm n 
eontprising an l^RAP having nerve growth stimulating activity, and a pharmaceuttcally 

^^^''^"""^Lo^eraspectof.heinventionis.lated.oapharntaceutic.con,^^^^^^^ 
• • „.„KNPRAP expression stimulating agent and a pharmaceutically acceptable earner. 

rZiLemhodhne„t,«tei„ventio„providesapharn.ceut^^ 
■ ■ „hNPRAPge„etherapyvecto,whichveo«,rcomprisesapolynucleo.idencod.ng 

— TaZlL— ------ —-"^"^"'^ 

• nf hNPRAP which method comprises contacting cultured cells that 
modulate the expression of hNPRAP, which , .^pj^p ^.^mparedto acontrol in 

express hNPRAP with a test substance measunng levels of hNPRAP, as P 



which same cells that express hNPRAP are no, eon.ac.ed wift fte .est substance, as an 
indicaaon of modulatory acavi.y of said .est substance. 

These and other aspects of the invention are disclosed more fully m the 

accompanying detailed description. 

The human Neural Plakophilin Related AnnadiUo Protein ("hNPRAP") (also 
described as O^, consensus cDNA (SEQ ,D N0:3) encodes a protein (SEQ ID N0:4) onOS4 
amino acid residues with a unique N-terminus, but with homology to proteins with armadtUo 

10 (arm) repeat motifs at its C-terminus. . 

Applicants have now discovered that over-expression of hNPRAP, 0, fimcttonal 

S derivaUvesthereofcon.ainingoneormoreannadillorep«ats.causesthede«^^^^ 

i mu„e.uslong.dendriticp,»cesseswhich.ypicallyte,mh,ateupondismmlyloc^^ Tl.ese 

P Uuge.cellsneedno.necessarilybeexpressinghNPRAP. m hNPRAP induced celhdar 

1 extensions are highly sintilar .o the axonal sprouting seen duriug neuron^ regeneration and 

!r synapse formation. 

O Nucleotides 2920-2997 offte hNPRAP CDNA overlap tf.e anonymous 

S microsa«lli«.ocusD5S478,*ere<breplacingftehNPRAPgeneonchromosome5pl5nearfte 

a Cri-du-Chat deletion locus, a syndrome associated with congenital malformation and gross mental 
lo retardation. hNPRAP is described in detail in copending commonly assigned U.S Apphcauon 
serial Nos. 0S/SS.077, fled My 3. .997 ,PCT/CA97/00051,. and 09/227,725, filed January S, 
1999(PCT/CA99/00018),bothofwhicharemcorporatedherembyreference. 

AS described in U.S. ApplicaUon serial Nos. 08/888,077 (PCT/CA97/0005.) and 

09/227 725 (PCT/C A99/0001 8), hNPRAP is known to interact with Presenilin I ("PSl ") and 
25 Preseni'linIl("PS2")bydirectpro.ein.pro.emin«rac.ionsmdies. The domain of *e PS. pro.e,n 
that interacts with hNPRAP has also been shown to interact with o«,er proteins, such as a^ad-Uo 
repeat proteins p0071 and p-catenin. 
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0„ Northern blots, the hNPRAP gene is expressed as a range of transonpts of 3.9 
,„ 5 0 kb in several regions of adult htnnan brain, bn. is expressed a. only very low levels in nrost 
non'nenrologie tissues. Studies have shown *at PS, and hNPRAP are both expressed « the 
same cell types and in adjaeent/contiguoussubceUular compartments. 

;„ sttu hybridization studies indicate that the fanscriptional pattem of PSl and 
NPRAP overlap both in the brain of 4 month old mice, and in the neural mbe and dorsa, root 
.an^ia of murine embryos. Both genes are expressed at high levels in dentate and hrppocampal 
neurons, in scattered neocortieal neurons, and in cerebellar Purldnje cells in adult mouse bratn 
(Leee,«/ J Neurosci., 1996. ,6:7513.7525;PafferfrolzandFranke.Difrerenttat>on, 1997. 
6, .293.3«). lmmunocy«>chemiod studies show that PSl and hNPRAP have overlappmg 
intracellular distributions. Thus, in non-confluent transfected cell cultures. hNPRAP has a 
predominantly perinucle. cytoplasmic distribution contiguous with that of PSl. In cont^t, ■» 
confluent cells with abundant cellxell contacts. hNPRAP is predominanUy located near the cell 
membrane closetointccellular contact zones while PSl reruns its predominantly pennuclear 

distribution. 

The invention is directed to the use of an hNPRAP to stimulate neuronal 
regeneration and axon sprouting following a wide variety of insults and '"^-^ 
is defined herein as a biologically active polypeptide that contains a sequence "^^^^^ 
mediate its nerve cell growth stimulating activity. ..... ti>e ar^Hlo repeats. Thus. hNPRAP 

includes full-lengti. (naturally occurring) hNPRAP. as well as biologically active analogues 
thereof By "analogues" it is me». modifications such as point mutations, amino acd 
substitutions, additions or deletions, or otiter mammalian homologues. such as mouse (SEQ ffi 
NO-5 and SEQ ID N0:6). which have similar activity to hNPRAP. the identification and selectton 
of which are well-known to those skilled in tite art. In addition to hNPRAP, tite use of 
recombinant proteins such as pl20cas and chimeric proteins having all or parts of tite C-ten^,nal 
armadillo-like repeat and C-tenni»J unique sequences of hNPRAP may also be utthz^ m the 
pmctice of ti>is invention. Analogues of these proteins which replicate the effects thereof may 
also be utilized in the practice of this invention. 
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Inafirsternbodiment,theinventionprovidesamethodofs^^^^^^^^^ 

nerve cells, comprising contacting nerve cells v^ith an hNPRAP. . .,,^ecells 

Asecondembodimentisdirectedtoamethodofstimulatmggrowthofnerve 

• • t..tin. nerve cells with an hNPRAP stimulating agent in an amount sufficient to 
compnsmg contacting nerve ceuswiui ^fhMPPAPbv 
tadul me exp^ssion of hNPRAP. Such .gen. may induce «-e expression of hNPRAP b 
:tLyH„lsU.*.««>KAPBene.oinduoeexpression,„,n.aya.«rU,e — 

C:ip.*an>nh.h.o,ofhNPRAPexp..>o„...>.Un.ns.^^^^^^^^ 

Alternatively, the expression ofhNPRAP may be mauc y 

u ♦uo a^minktration of recombinant proteins, biological 

torioenmy g ofhNPRAP and which substances cause neural 

nfthf-nresenilins or the arma» repeats of hNPRAf,anQwm ^ . f 

rrc:.aa.e„.w.cha«sho™..in,ice.he..e — 
Lp— so,*e— o.pea.ofhNPRAP.a,hep.odnced.„pha„n.^^^^^^^^ 

onaltmes foruse inU,e—t of neurological injury and dysftmcfon assocated wrft cen^ 
lpol.ehn.y..presei,.h...^^^^^ 

H„d.oneofd,enonnalor„u^.preseni.i..AUernaUvely.anyofavar.,y^^^^^^^^ 
compounds, bott, nanually occurring and/or syn*e.ic (e.«., libraries of small molecules ^ 
lies) ^aybescreenedforpresenilinbindingcapacity. IneachofUreseembodnne .^an 
:^laL -e. binding be^een a presenilin componen. con..^^^^^^ 
ta^racUng domdn of a pre^nilin pro.in described herein and some ote mo,e,y. 
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M described in U.S. Application Serial No. 09/227,725. U>e piesenilin domain that 
tat^acts with PS-in.e«c.ing proteins, such as annadiUo repeat proteins KNPRAP. p0071 and 
p^atenin, has been identified a. including or being contained in the sequence of annuo ac,d 
residues from about 260 to about 409 of PS. or con^sponding residues from about 260 to about 
390 in PS2. More preferably, the interacting domain contains or is contained in amino ac,d 
^idues ftom about 372 to about 399 of PSl or corresponding residues from about 350 to ab<.u, 
380inPS2. The amino acid sequences ofwiW-type human PSl and PS2 axe shown in SEQ ID 

NO ! and SEQ ID N0:2, respectively. 

Binding may be detected by indirect functional measures reflecting the fimctronal 
consequences of .he interaction (e..., changes in intracellular C^'. Na', K*. or OTP/QDP r^o. 
changes in apoptosis or micro«,bule assciated protein phosphorylation, changes in pep .de 
production or ch^ges in the expression of other downstream genes which can be momtored by 
differential display. 2D gel electrophor^is, diiferenaa, hybridization, or SAGE methods, or by 
direct measures such as immunoprecipitation. to Biomolecular Interaction Assay (BIAcore) or 
alteration of protein gel electrophoresis. The preferred methods involve variations on the 
following techniques: (1) direct extraction by affinity chromatography; (2) co-.solatron of 
presenilin components and bound proteins or other compounds by immunoprecipitatton; (3) 
BlAcore analysis; and (4) the yeast two-hybrid systems. Other procedures include m^ods 
which detect abnormal processingof PSl. PS2, APP. or proteins reacting with PSl. PS2. or APP 
(. , . abnormal phosphorylation, glycosylation. glyoation amidation or proteolytic cleavage) 
alterations in presenilin transcription, tianslation, and post-translational modification; alterations 
in the inttacellular and extracellular trafficking of presenilin gene products; or abnonnal 

inttacellular localization of tire presenilins. 

The p^teins or oUrer compounds identified by these metitods may then be assayed 
for their ability to pn^mote sprouting in axons of neuronal culmres or dendrite formation in non- 
neurological cells using morphomcMc an^yses which are well-known to titose skilled m the art 
of neuronal regeneration. Alternatively, assays for regeneration following sectiomng of the optic 
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nerv., spinal oord, etc. to animals may be perfonned. Such assays are well-kncwn «, ftcse in fte 

field of neuronal regeneration. 

The proteins or other compounds identified by these methods may be purified and 
characterized by any of the standard methods known in the art. Proteins may, for example, be 
purified and separated using electrophoretic (e.g.. SDS-PAGE, 2D PAGE) or chromatographtc 
(eg. HPLC) techniques and may then be microsequenced. For proteins with a blocked 
N-tenninns. cleavage (..g., by CNBr and/or trypsin) of the particular binding proteta is used to 
release peptide fiagments. Further purification/characterization by HPLC and microsequencng 
and/or mass spectrometry by conventional methods provides internal sequence data on such 
blocked proteins. For non-proteto compounds, standard organic chemical analysis techniques 
(e.g.. IR, NMR and mass spectrometry; functional group analysis; X-ray crystallography) may be 
employed to determine their structure and identity. 

These hNPRAPs, and compomtds which activate hNPRAP, may be employed m 
combination with a suimble pharm^eudcal, physiologically acceptable carrier. Administration of 
hNPRAP of this invention can be through the administration of hNPRAP peptides agomsts or 
antagonists synthesized from recombinant constructs of hNPRAP DNA or from peptide chemtcal 
synthesis (Woo. e, al.. Protein Engineering, 1989. 3;29-37) or to the form of gene therapy 
(Goldspiel al, Clin. Pharm., 1993, 12:488; Wu and Wu, Biotherapy, 1991. 3;87; Mulligan, 
S; Science. 1993. 260:926; Morgan and Anderson, Am.. Rev. Biochem., 1993, 62:191; and. May 

io TIBTECH, 1993, 11:155). 

Generally, hNPRPA and/or activating agent(s) ate admtoistered as pharmaceutical 

compositions comprising an efl^ective amount of hNPRAP and/or activating agent(s) m a 
pharmaceutical carrier. These reagents can be combined for therapeutic use with additional active 
or inert ingredients, e.g.. m conventional pharmaceutically acceptable carriers or diluents, e.g.. 
25 immunogenic adjuvants, along with physiologically innocuous stabilizers and excpients. A 
pharmaceutical carrier can be any compatible, non-toxic substance suitable for delivering the 
compositions of the invention to a patient. 
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The quantities of reagents necessary for effective therapy will depend upon tnany 
different factors, including means of administration, target site, physiological smte of the pattent. 
^ other medicants administered. Thus, treatment dosages should be titrated to optimize sa^«y 
and efficacy. Animal testing of effective doses for treamient of particular injuries «,U provtde 
fimher predicative indication of human dosage. Various considerations are described. ..g., m 
Gilman .r.;. (eds.) (1990) Goodman and Oilman's; The Pharmacological Bases of nterapeufcs, 
8th Ed Pergamon Press; and Remington's Pharmaceutical Sciences, 17.h ed. (1990). Mack 
Publishing Co., Easton, PA. Methods for administration arc discussed therein and below, e.g., for 
intravenous, intraperitoneal, or intramuscular administration, transfermal diffusion, and others. 
Pharmaceutically acceptable carriers include water, saline, buffers and other compounds 
described, e.,.. in the Merck Index. Merck & Co., Rahway. New and in Remington, supra. 
Slow release formulations, or a slow release apparahts, may be used fo, continuous 
administration. 

Dosage ranges for hNPRAP and/or activating agent(s) would ordtnanly be 
expected to be in amounts lower than 1 mM concentrations, typically less than about 10 mM 
concentrations, usually less th^ about 100 nM. p^ferably less than about 10 pM (picomolar). and 
most preferably less than about 1 fM (femtomolar), with an appropriate earner. Generally, 
treatment is initiated with smaller dosages which are less than the optimum dose of the 
compound. The^after. the dosage is increased by small increments until the optimum effect 
under the circumstance is reached Determination of tite proper dosage and administration regtme 
for a particular sitiiation is witiiin die skill of the art. 

Polypeptides and other compounds of the present invention which activate or 
inhibit hNPRAP may be employed alone or in conjunction wifl, odter compounds, such as 
titerapeutic compounds. Once identified by the mctitods described above, the candidate 
compounds may titen be produced in quantities sutficien. for pharmaceutical administratton or 
testing (e.g. . mg or mg or greater quantities), and formulated in a phamtaceutically acceptable 
carrier (see, e.g., Remington's, supra). 



Pharmaceutioally acceptable earners tot may be used in these phannaceuf cal 
compositions inc.ude, but are not limited to, ion exchangers, alumina aluminnm stearate, lecithtn. 
serum proteins, such as human serum albumin, buffer substances such as phosphates, glyctne. 
sorbic acid, potassium sorbate, partial glyceride mixt^es of sahrrated vegetable fatty acrds, water, 
sa..s„relectr„lytes.suchasprotaminesulfate.discdiumhydrogenphospha,e,po.ass,um 

hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium trisilicate polyvmyl 
pyrrolidone. cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose 
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene glycol and 

wool fat. 

lire compositions of the present invention may be administered orally, 
parenterally. by spray inhalation, topically, rccmlly, nasally, buccally, vaginally or via an 
implanted reservoir. The t™, "parenterar as used herein includes subcutaneous, intravenous 
intramuscular, intra-articular. intra-synovial. intrastemal. intrathecal, intrahepatic, intralesronal 
and intracranial injection or inteion techni,ues. Preferably, the compositions are admm.stered 
! orally, intraperitoneally or intravenously. 

Sterile injectable forms of the compositions of this invention may be aqueous or 
oleaginous suspension. These suspensions may be formulated according to techniques kno^r m 
the art using suitable dispersing or weuing agents and suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution or suspension in a non-toxic parenterally- 
1„ acceptablediluentorsolvcn,forexampleasasolutionin U-butanediol. Among the a».ptable 
vehicles and solvents that may be employed are water, Ringers solution and isotonic sodrum 
chloride solution. In addition, sterile, fixed oils a« conventionally employed as a solvent or 
suspending medium. For this purpose, any bland fixed oil may be employed including synthetic 
mono- or di-glycerides. Fatty acids, such as oleic acid and its glycmde derivatives are useful m 
25 the preparation of injectables. as are natural pha^aceutically-acceptable oils, such as ohve otl or 
castor oil. especially in their polyoxyethylated versions. These oil solutions or suspensrons may 
also contain a long-chain alcohol diluent or dispersant. 
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The ptoaceutical compositions of this invention may be orally administered in 
any orally aceeptabk dosage form ineluding, but not limited to, capsules, tablets, aqueous 
suspensions or solutions. In the case of tablets for oral use, carriers which are commonly used 
include lactose and com starch. Lubricating agents, such as magnesium steamte, are also 
5 typically added. For oral administration in a capsule fom>, usefi.1 diluents include lactose and 
dried com starch. When aqueous suspensions are required for oral use. the active ingredient ,s 
combined with emulsifying and suspending agents. If desired, certain sweetening, flavonng or 

coloring agents may also be added. 

Alternatively, the pharmaceutical compositions of this invention may be 

0 administered in the form of suppositories for rectal administration. These can be prepared by 
mixing the agent with a suitable non-irritating excipient which is solid at room temperature but 

5 liquid at rectal temperature and therefore will melt in the rectum to release the drug. Such 

■ materials include cocoa butter, beeswax and polyethylene glycols. 

1 The pharmaceutical compositions of this invention may also be administered 
i topically, especially when the target of treatment mchuies areas or organs readily accessible by 
' topical application, including diseases of the eye, the skin, or the lower intestinal tract. Suitable 
3 topical formulations are readily prepared for each of these areas or organs. 

1 Topical application for the lower intestinal tract can be effected in a rectal 

i suppositoryformulation(seeabove)orinasuitableenemaformul^^^^^ 

^^0 patches may also be used. 

For topical applications, the phannaceutical compositions may be formulated m a 
suitable ointment containing the active component suspended or dissolved in one or more carriers. 
Carriers for topical administration of the compounds of this invention include, but are not hmtted 
to mineral oil, liquid petrolatum, white petrolatum, propylene glycol, polyoxyethylene, 
25 p^lyoxypropylene compound, emulsifying wax and water. Alternatively, the pharmaceutrcal 
compositions can be formulated in a suitable lotion or cream containing the acUve components 
suspended or dissolved in one or more pharmaceutically acceptable carriers. Suitable earners 
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include, but are not limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl esters 
wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water. 

For ophthalmic use, the pharmaceutical compositions may be formulated as 
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in 
isotonic, pH adjusted sterile saline, either with our without a preservative such as benzylalkonium 
chloride. Alternatively, for ophthalmic uses, the pharmaceutical compositions may be formulated 

in an ointment such as petrolatum. 

The pharmaceutical compositions of this invention may also be administered by 
nasal aerosol or inhalation. Such compositions are prepared according to techniques well-known 
in the art of pharmaceutical formulation and may be prepared as solutions in saline, employing 
benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability, 
fluorocarbons, and/or other conventional solubilizing or dispersing agents. 

The methods and compositions of this invention may be used to treat nerve 
damage caused by a wide variety of diseases or physical traumas. These include, but are not 
limited to, Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis (ALS), multiple 
sclerosis, stroke and ischemia associated with stroke, neural paropathy, other neural degenerative 
diseases, motor neuron diseases, sciatic crush, peripheral neuropathy, particularly neuropathy 
associated with diabetes, spinal cord injuries and facial nerve crush. 

The hNPRAP polynucleotides, polypeptides, agonists and antagonists that are 
polypeptides may be employed in accordance with the present invention by expression of such 
polypeptides in treatment modalities often referred to as "gene therapy". Thus, for example, cells 
from a patient may be engineered with a polynucleotide, such as a DNA or RNA, to encode a 
polypeptide ex vivo. The engineered cells can then be provided to a patient to be treated with the 
polypeptide. In this embodiment, cells may be engineered ex vivo, for example, by the use of a 
retroviral plasmid vector containing RNA encoding a polypeptide of the present invention. Such 
methods are well-known in the art and their use in the present invention will be apparent from the 
teachings herein. 
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SimiWy, cells may be engineered in vivo for expression of a polypeptide In vivo 
by proced^es kno™ in the art. For example, a polynucleotide of the invention may be 
engineered for exp«ssion in a replication defective retroviral or viral vector, as discuss^ above. 
■n,e retroviral expression construct may then be isolated. A packaging cell is transduced wrth a 
retroviral plasmid vector contaimng A encoding a polypeptide of Ure present invention, such 
that the packaging cell now produces infectious viral particles containing the gene of .nt«est. 
These viral particles may be administered to a paden, for engineering cells in v,vo and expression 
of the polypeptide in vivo. These and other methods for administering a polypeptrde of the 
present invention should be apparent to those skilled in dte art from the teachings of the present 

invention. . 

Retroviruses or viruses from which Ute plasmid vectors hereinabove-menUoned 

nray be derived include, but are no, limited to, SimiFores. Virus, Unti-virus. Moloney Murine 
Leukemia Virus, Spleen Necrosis Vinas, Rous Sarcoma Virus, Harvey Sarcoma Virus, Avran 

Leukosis Virus, Gibbon Ape Leukemia Virus, Human Immunodeficiency Virus, Adenovrrus, 
Myeloproliferative Sarcoma Virus, and Mammary Tumor Virus. Inapreferredembodrment, the 

retroviral plasmid vector is derived fiom Moloney Murine Leukemia Virus. 

Such vectors will include one or more promoters for expressing the polypeptide. 
Suitable promoters which may be employed include, but are not limited to, the retroviral LTO; the 
SV40 promoter; and the human cytomegalovirus (CMV) promoter described in Mtller el al., 
Biotecbniques, 1989, 7:980-990. Cellular promoters such as eukaryotic cellular promoters 
including, but not limits to, fl>e histone, RNA Hymerase HI, and p-actin promoters, can also be 
used Additional viral promoters which may be employed include, but are not limited to. 
adenovirus promoters such as the adenoviral major late promoter, thymidine kinase (TK) 
promoters such as the Herpes Simplex thymidine kinase promoters; the respiratory syncytial virus 
(RSV) piomot^s; and B 19 parvovinrs promoters. TTie selection of a suitable promoter will be 
apparem to those skilled in the art flx>m the teachings contained herein. 

The nucleic acid sequence encoding the polypeptide of the present invention may 
be placed under the control of an inducible promoter. Sui^ible inducible promoters which may be 
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employed include, but are not limited to, the MMT promoter, the metallothionein promoter; heat 
shock promoters; the albumin promoter; the ApoAI promoter; human globin promoters; viral 
thymidine kinase promoters; and human growth hormone promoters. The promoter may also be 
the native promoter which controls the gene encoding the polypeptide. 

The retroviral plasmid vector is employed to transduce packaging cell lines to form 
producer cell lines. Examples of packaging cells which may be transfected include, but are not 
limited to, the PE501, PA317. .PSI.-2, .omega.-AM, PA12, T19-14X, VT-19-17.H2, 
.omega.CRE, .omega.CRIP, GP+E-86, GP+envAml2, and DAN cell lines as described in Miller, 
A., Human Gene Therapy, 1990, 1:5-14. The vector may be transduced into the packaging cells 
through any means known in the art. Such means include, but are not limited to, electroporation, 
the use of liposomes, and CaP04 precipitation. In one alternative, the retroviral plasmid vector 
may be encapsulated into a liposome, or coupled to a lipid, and then administered to a host. The 
producer cell line will generate infectious retroviral vector particles, which include the nucleic 
acid sequence(s) encoding the polypeptides. Such retroviral vector particles may then be 
employed to transduce eukaryotic cells, either in vitro or in vivo. The transduced eukaryotic cells 
will express the nucleic acid sequence(s) encoding the polypeptide. Eukaryotic cells which may 
be transduced include, but are not limited to, embryonic stem cells, embryonic carcinoma cells, as 
well as hematopoietic stem cells, hepatocytes, fibroblasts, myoblasts, keratinocytes, endothelial 
cells, and bronchial epithelial cells. 



* ♦ ♦ 



Although the invention herein has been described with reference to particular 
embodiments, it is to be understood that these embodiments are merely illustrative of the 
principles and applications of the present invention. It is therefore to be understood that 
numerous modifications may be made to the illustrative embodiments and that other arrangements 
may be devised without departing from the spirit and scope of the present invention as defined by 

the appended claims. 

Each patent, patent application, publication, and procedure disclosed in this 

application is specifically incorporated by reference in its entirety. 
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